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BACKGROUND OF THE INVENTION 
[Field of the Invention] 

The present invention relates to semiconductor 
devices provided between semiconductor substrates and 
gate electrodes with multilayer films each including 
an insulating film having a charge trap function and 
sandwiched by upper and lower insulating films, and 
methods of manufacturing the same. 
[Description of the Related Art] 

Conventionally, as a nonvolatile memory which can 
hold its stored data even after the power is cut off, 
a semiconductor memory has been devised, which 
includes an impurity diffusion layer formed in a 
semiconductor substrate to serve as bit lines (buried 
bit lines), and word lines formed over the 
semiconductor substrate with a capacitive insulating 
film being interposed between them, so as to run 
perpendicularly to the bit lines. The structure can 
be simpler than a two-layer electrode structure such 
as an EEPROM and is expected to cope with further 
size reduction and micropatterning of elements. 

In this type of semiconductor memories, the 
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capacitive insulating film preferably has a 
multilayer structure made up from at least three 
layers, in which an insulating film having a charge 
trap function, such as a silicon nitride film, is 
sandwiched by upper and lower insulating films, such 
as silicon oxide films. As a typical example of the 
multilayer film known is a structure of silicon oxide 
film/silicon nitride film/silicon oxide film, i.e., a 
so-called 0N0 film, in which a silicon nitride film 
having a charge trap function is sandwiched by upper 
and lower silicon oxide films. 

In this type of semiconductor memories, since the 
word lines cross the buried bit lines, which serve as 
sources and drains, with the multilayer film being 
interposed between them, sufficient electrical 
insulation must be ensured between the bit lines and 
the word lines. Conventional methods of 
manufacturing semiconductor memories having buried 
bit line structures will be described below from the 
above viewpoint. 
(Prior Art 1) 

In this prior art, an ONO film is entirely used 
as an electrical insulating film between bit and word 
lines . 

More specifically, as shown in Fig. 14A, a 
silicon oxide film 111, a silicon nitride film 112, 
and a silicon oxide film 113 are sequentially stacked 
in this order in an active region on, e.g., a p-type 
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silicon semiconductor substrate 101 to form an 0N0 
film 102. After a resist pattern 103 is formed on 
the ONO film 102, n-type impurities such as arsenic 
are ion-implanted into a surface layer of the 
semiconductor substrate 101 using the resist pattern 
103 as a mask under such conditions that the ions can 
pass through the ONO film 102. 

The resist pattern 103 is then removed through an 
ashing process or the like, and the semiconductor 
substrate 101 is annealed, thereby forming buried bit 
lines 104 that serve also as sources and drains. 

As shown in Fig. 14B, an electrode material is 
deposited onto the ONO film 102 and patterned to form 
word lines 105 that cross the buried bit lines 104 
with the ONO film 102 being interposed between them. 
The word lines 105 serve also as gate electrodes. 

After that, post-processes such as formation of 
an insulating interlayer, contact holes, and various 
electrical interconnection layers are executed, 
thereby completing a semiconductor memory. 
(Prior Art 2) 

In this prior art, only the lowermost silicon 
oxide film of an ONO film on bit lines is made 
thicker to ensure electrical insulation. 

More specifically, as shown in Fig. 15A, an ONO 
film 102 is formed in an active region on, e.g., a 
p-type silicon semiconductor substrate 101. After a 
resist pattern 103 is formed on the ONO film 102, the 
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upper silicon oxide film 113 and the silicon nitride 
film 112 of the 0N0 film 102 are patterned using the 
resist pattern 103 as a mask, thereby leaving only 
the lowermost silicon oxide film 111 as it is. 

Impurities of n-type such as arsenic are then 
ion-implanted into a surface layer of the 
semiconductor substrate 101 using the resist pattern 
103 as a mask under such conditions that the ions can 
pass through the lowermost silicon oxide film 111. 

The resist pattern 103 is then removed, and the 
semiconductor substrate 101 is annealed in an 
oxidative atmosphere, thereby forming buried bit 
lines 104 that serve also as sources and drains. At 
this time, as shown in Fig. 15B, accelerated 
oxidation occurs at portions of the silicon oxide 
film 111 above the bit lines 104 through the 
annealing process due to the presence of arsenic ions 
in the semiconductor substrate 101. The silicon 
oxide film 111 thereby has a thickness of about 40 to 
60 nm at those portions. 

As shown in Fig. 15C, an electrode material is 
then deposited and patterned to form word lines 105 
that cross the buried bit lines 104 with the silicon 
oxide film 111 being interposed between them. The 
word lines serve also as gate electrodes. 

After that, post-processes such as formation of 
an insulating interlayer, contact holes, and various 
electrical interconnection layers are executed, 
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thereby completing a semiconductor memory. 
(Prior Art 3) 

In this prior art, to ensure electrical 
insulation, bit lines are formed with a thick silicon 
oxide film provided thereon. 

More specifically, as shown in Fig. 16A, a thin 
sacrificial oxide film 106 is formed in an active 
region on, e.g., a p-type silicon semiconductor 
substrate 101. After a resist pattern 103 is formed 
on the sacrificial oxide film 106, n-type impurities 
such as arsenic are ion-implanted into a surface 
layer of the semiconductor substrate 101 using the 
resist pattern 103 as a mask under such conditions 
that the ions can pass through the sacrificial oxide 
film 106. 

As shown in Fig. 16B, the resist pattern 103 is 
then removed, and the semiconductor substrate 101 is 
annealed in an oxidative atmosphere, thereby forming 
buried bit lines 104 that serve also as sources and 
drains. At this time, accelerated oxidation occurs 
at portions of the sacrificial oxide film 106 above 
the bit lines 104 through the annealing process due 
to the presence of arsenic ions in the semiconductor 
substrate 101. The sacrificial oxide film 106 
thereby has a thickness of about 40 to 60 nm at those 
portions . 

As shown in Fig. 16C, after the portions of the 
sacrificial oxide film 106 on the channel region is 
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removed, an 0N0 film 102 is formed on the active 
region. At this time, the thickness of the 
sacrificial oxide film 106 above the bit lines 104 
increases to about 50 to 90 nm because of the 
influence of the annealing process in forming the ONO 
film 102. 

As shown in Fig. 16D, an electrode material is 
then deposited and patterned to form word lines 105 
that cross the buried bit lines 104 with the 
sacrificial oxide film 106 being interposed between 
them. The word lines serve also as gate electrodes. 

After that, post-processes such as formation of 
an insulating interlayer, contact holes, and various 
electrical interconnection layers are executed, 
thereby completing a semiconductor memory. 

By any of the above-described manufacturing 
methods, a semiconductor memory having a buried bit 
line structure, which can hold electrical insulation 
between the bit and word lines, may be manufactured. 
However, the above manufacturing methods have the 
following problems. 

In the manufacturing method described in the 
prior art 1, since electrical insulation between the 
bit lines 104 and the word lines 105 are ensured only 
by the ONO film 102, the breakdown voltage of the ONO 
film 102 must be made high. In this manufacturing 
method, however, since arsenic ions are ion-implanted 
through the ONO film 102 to form the bit lines 104, 
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the ONO film 102 may be inevitably damaged. In 
addition, since the uppermost silicon oxide film 113 
of the ONO film 102 may be partially or fully etched 
off through a post-process, it is hard to ensure a 
sufficient breakdown voltage of the ONO film 102. 

In the manufacturing method described in the 
prior art 2, in thickening the silicon oxide film 111 
above the bit lines 104 by annealing, only the 
silicon oxide film 111 is present above the bit lines 
104. For this reason, bird's beaks may be formed on 
both sides of each channel region due to the 
wraparound by oxygen. In addition, since the 
peripheral circuit region is normally formed 
simultaneously with formation of the memory cell 
region, the silicon oxide film 111 above the bit 
lines 104 may become thicker (about 100 to 150 nm) 
through several times of annealing processes in 
forming the gate insulating films of transistors in 
the peripheral circuit region, and accordingly, 
larger bird's beaks may form. 

In the manufacturing method described in the 
prior art 3, due to accelerated oxidation through 
each annealing process for the impurity diffusion to 
form the bit lines 104 and the formation of the ONO 
film 102, the sacrificial oxide film 106 above the 
bit lines 104 may increase its thickness, and large 
bird's beaks may also grow. 

As described above, in manufacturing a 
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semiconductor memory having a buried bit line 
structure, it is difficult to ensure electrical 
insulation between the bit lines and the word lines, 
or even when electrical insulation can be ensured, it 
may cause bird's beak formation and considerably 
degrades the charge holding characteristic. These 
are serious problems. 

SUMMARY OF THE INVENTION 
An object of the present invention is to provide 
a semiconductor device that can sufficiently ensure 
electrical insulation between bit lines and word 
lines and realize an excellent charge holding 
characteristic by suppressing undesirable bird's beak 
formation, and a method of manufacturing the 
semiconductor device, in particular, to provide a 
semiconductor memory having a buried bit line 
structure . 

The present invention provides a semiconductor 
device in which source and drain regions are formed 
in a surface layer of a semiconductor substrate, and 
a gate electrode is formed between the source and 
drain regions over the semiconductor substrate with a 
multilayer film being interposed between the gate 
electrode and the semiconductor substrate. The 
multilayer film is made up from at least three layers, 
in which a first insulating film having a charge trap 
function is sandwiched by second and third insulating 
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films from the upper and lower sides of the first 
insulating film. The present invention also provides 
a method of manufacturing the semiconductor device. 

According to the present invention, there is 
provided a semiconductor device manufacturing method 
comprising a first step of introducing impurities 
into a surface layer in an active region of a 
semiconductor substrate and annealing the 
semiconductor substrate to form source and drain 
regions, a second step of, after the first step, 
forming a multilayer film made up from at least three 
layers, in which a first insulating film having a 
charge trap function is sandwiched by second and 
third insulating films from the upper and lower sides 
of the first insulating film, so as to cover the 
active region, and a third step of depositing an 
electrode material on the multilayer film and 
patterning the electrode material and the multilayer 
film to form a gate electrode over the semiconductor 
substrate with the multilayer film being interposed 
between the gate electrode and the semiconductor 
substrate . 

Preferably in the first step, after the 
introduction of the impurities, a substance having an 
accelerated oxidation suppressing function is 
introduced into the active region, and the 
semiconductor substrate is annealed to form the 
source and drain regions. 



In introducing the substance having the 
accelerated oxidation suppressing function into the 
active region, the substance is preferably 
ion-implanted obliquely to the surface of the active 
region . 

In the semiconductor device of the present 
invention, the gate electrode is formed over the 
semiconductor substrate with the multilayer film 
being interposed between them, to cross the source 
and drain regions, and the source and drain regions 
contain the substance having an accelerated oxidation 
suppressing function, as well as the impurities. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figs. 1A to 1C are schematic sectional views 
illustrating manufacturing steps of a buried bit line 
type flash memory according to the first embodiment 
of the present invention; 

Figs. 2A and 2B are schematic sectional views 
illustrating manufacturing steps of the buried bit 
line type flash memory according to the first 
embodiment, subsequent to Fig. 1C; 

Fig. 3 is a schematic plan view showing a 
structure in which bit lines and word lines 
perpendicularly cross each other; 

Fig. 4 is a schematic sectional view illustrating 
a data write operation in the flash memory according 
to the first embodiment; 
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Figs. 5A and 5B are schematic sectional views 
illustrating a data erase operation in the flash 
memory according to the first embodiment; 

Figs. 6A and 6B are schematic sectional views 
illustrating a data read operation in the flash 
memory according to the first embodiment; 

Fig. 7 is a graph showing the relation between 
the leakage current and the voltage between the 
source/drain and the gate electrode in the flash 
memory according to each of the first embodiment and 
comparative examples; 

Fig. 8 is a graph showing the relation between 
the charge holding characteristic and the number of 
times of data erase/write operations in the flash 
memory according to each of the first embodiment and 
the comparative examples; 

Figs. 9A to 9C are graphs each showing the 
relation between the threshold voltage (V th ) and the 
number of times of data erase/write operations in the 
flash memory according to the first embodiment and 
the comparative examples; 

Figs. 10A to IOC are schematic sectional views 
illustrating manufacturing steps of a buried bit line 
type flash memory according to the second embodiment 
of the present invention; 

Figs. 11A and 11B are schematic sectional views 
illustrating manufacturing steps of the buried bit 
line type flash memory according to the second 
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embodiment, subsequent to Fig. IOC- 
Figs. 12A to 12C are schematic sectional views 
illustrating manufacturing steps of a buried bit line 
type flash memory according to the third embodiment 
of the present invention; 

Figs. 13A and 13B are schematic sectional views 
illustrating manufacturing steps of the buried bit 
line type flash memory according to the third 
embodiment, subsequent to Fig. 12C; 

Figs. 14A and 14B are schematic sectional views 
illustrating manufacturing steps of a buried bit line 
type flash memory according to prior art 1; 

Figs. 15A to 15C are schematic sectional views 
illustrating manufacturing steps of a buried bit line 
type flash memory according to prior art 2; and 

Figs. 16A to 16D are schematic sectional views 
illustrating manufacturing steps of a buried bit line 
type flash memory according to prior art 3. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
Hereinafter, preferred embodiments of the present 

invention will be described in detail with reference 

to drawings . 

(First Embodiment) 

In this embodiment, as a semiconductor device 

according to the present invention, a so-called 

buried bit line type flash memory will be described. 

For convenience, the structure of the flash memory 
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will be described through the manufacturing process. 

Figs. 1A to 1C and 2A and 2B are schematic 
sectional views illustrating manufacturing steps of 
the buried bit line type flash memory according to 
this first embodiment in order. 

To manufacture this flash memory, first, as shown 
in Fig. 1A, a p-type silicon semiconductor substrate 
1 is prepared. Field oxide films (not shown) are 
formed in the element isolation regions on the 
surface of the semiconductor substrate 1 through, 
e.g., a LOCOS process for element isolation, thereby 
defining each active region 2 within a memory cell 
region and each active region (not shown) within a 
peripheral circuit region where a CM-OS transistor and 
the like are to be formed. 

Instead of using such a LOCOS process, trenches 
(not shown) may be formed in the element isolation 
regions of the semiconductor substrate 1, and the 
trenches may be filled with an insulating material to 
define active regions. 

Annealing is then performed in an oxidative 
atmosphere at 900°C to 1,100°C to form an about 2 to 
50 nm-thick sacrificial oxide film 3 on the active 
region 2. After that, a resist is applied onto the 
sacrificial oxide film 3 and processed by 
photolithography to form a resist pattern 4 with 
band-shape portions separated at predetermined 
intervals . 
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As shown in Fig. IB, using the resist pattern 4 
as a mask, n-type impurities such as arsenic (As) are 
ion- imp 1 ant ed into a surface layer of the 
semiconductor substrate 1 under such conditions that 
the ions can pass through the sacrificial oxide film 
3, in this example, at an acceleration energy of 50 
keV and a dose of 2 to 3 X 10 15 /cm 2 . After the resist 
pattern 4 is removed by ashing or the like, annealing 
is performed in a nitrogen atmosphere (or an inert 
gas atmosphere) at 1,050°C for 10 min to activate the 
implanted arsenic ions, thereby forming band-shape 
bit lines 5. These bit lines 5 serves also as the 
sources and drains of the flash memory. 

As shown in Fig. 1C, an ONO film 6 having a 
three-layer structure of silicon oxide film/silicon 
nitride film/silicon oxide film is formed on the 
semiconductor substrate 1. 

More specifically, first, a silicon oxide film 21 
having a thickness of about 7 to 8 nm is formed on 
the semiconductor substrate 1 by thermal oxidation. 
At this time, the portions of the silicon oxide film 
21 above the bit lines 5 is accelerat ingly oxidized 
through the annealing process due to the presence of 
arsenic ions in the bit lines 5, thereby increasing 
the thickness to about 30 to 50 nm . 

A silicon nitride film 22 having a thickness of 
about 5 nm is then formed on the silicon oxide film 
21 through a CVD process at 600°C to 800°C. A silicon 
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oxide film 23 having a thickness of about 10 nm is 
then formed on the silicon nitride film 22 through a 
CVD process. The 0N0 film 6 is formed thus. 

The active region 2 of the memory cell region is 
masked by a resist, and the portions of the 0N0 film 
6 present on the active regions of the peripheral 
circuit region are all removed using CF ( + CHF 3 /0 2 gas 
or the like. After the resist on the active region 2 
is removed, a gate insulating film (not shown) is 
formed on the active regions of the peripheral 
circuit region by thermal oxidation. At this time, 
since the bit lines 5 are covered with the 0N0 film 6 
the influence of the annealing process in the 
formation of the gate insulating film is little. Any 
further accelerated oxidation of the silicon oxide 
film 21 at the portions above the bit lines 5 is 
suppressed, and an increase in thickness is hardly 
observed . 

An amorphous silicon (DASi) film (not shown) 
doped with n-type impurities, in this example, 
phosphorus (P), at a concentration of 0.2 to 3 X 
10 21 /cm 3 and having a thickness of about 100 to 150 nm 
is formed in each active region of the memory cell 
region and the peripheral circuit region by CVD. 

As shown in Figs. 2A and 3 (plan view) , the DASi 
film is then annealed to form a polysilicon film, and 
the polysilicon film and the ONO film 6 are patterned 
by photolithography and subsequent dry etching, 
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thereby forming band-shap word lines 7 that 
perpendicularly cross the bit lines 5 with the 0N0 
film 6 being interposed between them and serve also 
as gate electrodes. At this time, a tungsten 
silicide (WSi) film may be formed on the polysilicon 
film to form word lines having a polycide structure 
and thereby decrease the resistance of electrical 
interconnections . 

As shown in Fig. 2B, a high- tempera ture CVD oxide 
film (HTO film) 8 and a BPSG film 9 are sequentially 
formed in this order to cover the word lines 7. 
After contact holes (not shown) reaching the word 
lines 7 and the like are formed, an aluminum alloy 
film is formed by sputtering on the BPSG film 9, 
which has been planarized by a reflow process, so as 
to fill the contact holes. The aluminum alloy film 
is patterned by photolithography and subsequent dry 
etching to form upper interconnecting lines 11. 

After that, a protective film 12 is formed to 
cover the upper interconnecting lines 11, and 
formation processes for an insulating interlayer, 
contact holes (via holes), and interconnecting lines 
are executed, thereby completing a buried bit line 
type flash memory. 

To write data in this flash memory, electrons are 
injected into the drain terminal with channel hot 
electrons (CHEs) or drain avalanche hot carriers 
(DAHCs), as shown in Fig. 4. In this case, electrons 
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can be injected into the source terminal by 
exchanging the source and drain voltages with each 
other. That is, write operations (electron 
injection) to two portions in one memory cell can be 
executed . 

To erase data in this flash memory, as shown in 
Figs. 5A and 5B, charges are removed from the ONO 
film 6 by Fowler-Nordheim (FN) tunneling, or holes 
generated in the tunnel between bands and hot holes 
generated due to the electric field between the drain 
and the substrate are injected into the ONO film 6. 
The illustrated example shows the latter case by the 
tunnel between the bands. In this example of erase, 
electrons are injected into the drain terminal. When 
an identical voltage is applied also to the source, a 
flash erase can be executed for the source terminal 
simultaneously with the drain terminal. 

A method of reading out data from this flash 
memory will be described with reference to Figs. 6A 
and 6B. While negative charges are present in the 
silicon nitride film 22, the channel is cut off, and 
no current flows between the source and the drain 
(Fig. 6A) . This state is defined as data "0". While 
no electrons are present in the silicon nitride film 
22, the channel is connected, and a current flows 
(Fig. 6B). This state is defined as data "1". 
-Experimental Examples- 
Experimental results obtained by examining 
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various characteristics of the flash memory according 
to this first embodiment in comparison with the 
above-described prior arts will be described. 
Figs. 1, 8, and 9A to 9C show the experimental 
results, in which the above-described prior arts 1 
and 2 are respectively referred to as prior arts ® 
and (2) as comparative examples, and the first 
embodiment of the present invention is referred to as 
invention CD. 
(Experimental Example 1) 

The relation between the leakage current and the 
voltage between the source/drain and the gate 
electrode in the flash memory was examined. The 
experimental result is shown in Fig. 7. In Fig. 7, 
the leakage current is logarithmically plotted. 

The breakdown voltage of the 0N0 film had to be 
about 15 V. As shown in Fig. 7, in the present 
invention ®, the ensured breakdown voltage was almost 
the same as that in prior art (2) which had the 
thickest silicon oxide film above the bit lines 
{sources and drains) . 
(Experimental Example 2) 

The relation between the charge holding 
characteristic and the number of times of data 
erase/write operations in the flash memory was 
examined. The experimental result is shown in Fig. 8. 
In Fig. 8, the charge holding characteristic is 
plotted as relative values. 
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After the erase and write process (cycle) was 
repeated, and annealing was performed at 150°C for two 
hours, the charge holding characteristic was examined. 
As shown in Fig. 8, in the present invention CD, the 
obtained charge holding characteristic was almost the 
same as that in prior art CD which had the thinnest 
silicon oxide film above the bit lines (sources and 
drains), and so the smallest bird's beak. 
(Experimental Example 3) 

The relation between the threshold voltage (V th ) 
and the number of times of data erase/write 
operations in the flash memory was examined. The 
experimental results are shown in Figs. 9A to 9C. 

The write conditions were set to Vd = 5.9 V, Vg = 
9.5 V, and write time = 3 us, and the erase 
conditions were set to Vd = 7.0 V, Vg = -3.0 V, and 
erase time = 10 ms . As shown in Figs. 9A to 9C, no 
difference in erase/write speed was observed between 
the present invention CD and prior arts CD and ®. On 
the basis of this experimental result, the cycle in 
Experimental Example 2 was done under the same 
conditions as those described above. 

As described above, in this embodiment, the ONO 
film 6 is formed after the impurities (arsenic) in 
the bit lines 5 are activated. At the time of 
formation of the ONO film 6, the silicon oxide film 
21 as a component of the ONO film 6 is formed thick 
only above the bit lines 5 by accelerated oxidation, 
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so that sufficient electrical insulation is ensured 
between the bit lines 5 and the word lines 7. In 
this case, in various annealing processes (formation 
of the gate insulating film in the peripheral circuit 
region and the like) after formation of the 0N0 film 
6, since the thick portions of the silicon oxide film 
21 above the bit lines 5 are covered with the other 
components (the silicon nitride film 22 and the 
silicon oxide film 23) of the 0N0 film 6, the thick 
portions of the silicon oxide film 21 are not greatly 
acceleratingly oxidized, and the bird's beaks can be 
suppressed to a negligible level. 

That is, in this embodiment, throughout the 
process until the completion of the flash memory, the 
thickness of the ONO film 6 above the bit lines 5 is 
kept within an optimum range in which sufficient 
electrical insulation is ensured between the bit 
lines 5 and the word lines 7 and no bird's beak that 
may degrade the charge holding characteristic is 
formed. Hence, a very reliable flash memory with 
improved transistor characteristics can be 
implemented . 
(Second Embodiment) 

In this second embodiment, a so-called buried bit 
line type flash memory will be described, like the 
first embodiment, though this second embodiment 
differs from the first embodiment in the bit line 
formation process. The components of the flash 
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memory according to this second embodiment 
corresponding to those in the first embodiment are 
denoted by the same reference numerals as those in 
the first embodiment. 

Figs. 10A to IOC and 1 1A and 11B are schematic 
sectional views illustrating manufacturing steps of 
the buried bit line type flash memory according to 
this second embodiment in order. 

To manufacture this flash memory, first, as shown 
in Fig. 10A, a p-type silicon semiconductor substrate 
1 is prepared. Field oxide films (not shown) are 
formed in the element isolation regions on the 
surface of the semiconductor substrate 1 through, 
e.g., a LOCOS process for element isolation, thereby 
defining each active region 2 within a memory cell 
region and each active region (not shown) within a 
peripheral circuit region where a CMOS transistor and 
the like are to be formed. 

Instead of using such a LOCOS process, trenches 
(not shown) may be formed in the element isolation 
regions of the semiconductor substrate 1, and the 
trenches may be filled with an insulating material to 
define active regions. 

Annealing is then performed in an oxidative 
atmosphere at 900°C to 1,100°C to form an about 2 to 
50 nm-thick sacrificial oxide film 3 on the active 
region 2. After that, a resist is applied onto the 
sacrificial oxide film 3 and processed by 
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photolithography to form a resist pattern 4 with 
band-shape portions separated at predetermined 
intervals . 

As shown in Fig. 10B, using the resist pattern 4 
as a mask, n-type impurities such as arsenic (As) are 
ion-implanted into a surface layer of the 
semiconductor substrate 1 under such conditions that 
the ions can pass through the sacrificial oxide film 
3, in this example, at an acceleration energy of 50 
keV and a dose of 2 to 3 X lo'Vcm 2 . Subsequently, a 
substance having an accelerated oxidation suppressing 
function, in this example, nitrogen ions are 
implanted at an acceleration energy of 2 to 10 keV 

15 , 2 

and a dose of 0.5 to 4 X 10 /cm . 

The substance having the accelerated oxidation 
suppressing function can be one selected from 
nitrogen, carbon, and compounds containing nitrogen 
or carbon. When annealing is performed in the 
presence of these impurities, the impurities may 
concentrate in a surface layer of the semiconductor 
substrate 1 to form SiN or SiC and thereby suppress 
the diffusion of oxygen atoms into the semiconductor 
substrate 1. Hence, carbon may suitably be 
ion-implanted instead of nitrogen. In addition, the 
introducing method of such a substance is not limited 
to the ion implantation method. For example, 
annealing may be performed in an atmosphere of such a 
substance to dope the semiconductor substrate 1 with 
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the substance. In this case, the substance having 
the accelerated oxidation suppressing function is 
preferably selected from N0 2 , NO, NH 3 , and C x H y (x and y 
are appropriate numbers) due to the above-described 
reason for accelerated oxidation suppression. 

After the resist pattern 4 is removed by ashing 
or the like, annealing is performed in a nitrogen 
atmosphere (or an inert gas atmosphere) at 1,050°C for 
10 min to activate the implanted arsenic ions, 
thereby forming band-shape bit lines 5. These bit 
lines 5 serves also as the sources and drains of the 
flash memory. 

As shown in Fig. 10C, an ONO film 6 having a 
three-layer structure of silicon oxide film/silicon 
nitride film/silicon oxide film is formed on the 
semiconductor substrate 1. 

More specifically, first, a silicon oxide film 21 
having a thickness of about 7 to 8 nm is formed on 
the semiconductor substrate 1 by thermal oxidation. 
At this time, the portions of the silicon oxide film 
21 above the bit lines 5 is accelerat ingly oxidized 
through the annealing process due to the presence of 
arsenic ions in the bit lines 5, thereby increasing 
the thickness to about 30 to 50 nm. In this case, 
however, the accelerated oxidation suppressing 
function of the implanted nitrogen ions further 
suppresses the increase in thickness of the silicon 
oxide film 21 in comparison with the first embodiment 
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in which no nitrogen ion implantation is performed. 

A silicon nitride film 22 having a thickness of 
about 5 nm is then formed on the silicon oxide film 
21 through a CVD process at 600°C to 800°C. A silicon 
oxide film 23 having a thickness of about 10 nm is 
then formed on the silicon nitride film 22 through a 
CVD process. The ONO film 6 is formed thus. 

The active region 2 of the memory cell region is 
masked by a resist, and the portions of the ONO film 
6 present on the active regions of the peripheral 
circuit region are all removed using CF ( + CHF 3 /0 2 gas 
or the like. After the resist on the active region 2 
is removed, a gate insulating film (not shown) is 
formed on the active regions of the peripheral 
circuit region by thermal oxidation. At this time, 
since the bit lines 5 are covered with the ONO film 6 
the influence of the annealing process in the 
formation of the gate insulating film is little. Any 
further accelerated oxidation of the silicon oxide 
film 21 at the portions above the bit lines 5 is 
suppressed, and an increase in thickness is hardly 
observed . 

An amorphous silicon (DASi) film (not shown) 
doped with n-type impurities, in this example, 
phosphorus (P), at a concentration of 0.2 to 3 X 

21 3 

10 /cm and having a thickness of about 100 to 150 nm 
is formed in each active region of the memory cell 
region and the peripheral circuit region by CVD. 

- 24 - 



As shown in Fig. 11A, the DAS i film is then 
annealed to form a polysilicon film, and the 
polysilicon film and the 0N0 film 6 are patterned by 
photolithography and subsequent dry etching, thereby 
forming band-shape word lines 7 that perpendicularly 
cross the bit lines 5 with the 0N0 film 6 being 
interposed between them and serve also as gate 
electrodes. At this time, a tungsten silicide (WSi) 
film may be formed on the polysilicon film to form 
word lines having a polycide structure and thereby 
decrease the resistance of electrical 
interconnections . 

As shown in Fig. 11B, a high- temper ature CVD 
oxide film (HTO film) 8 and a BPSG film 9 are 
sequentially formed in this order to cover the word 
lines 7. After contact holes (not shown) reaching 
the word lines 7 and the like are formed, an aluminum 
alloy film is formed by sputtering on the BPSG film 9 
which has been planarized by a reflow process, so as 
to fill the contact holes. The aluminum alloy film 
is patterned by photolithography and subsequent dry 
etching to form upper interconnecting lines 11. 

After that, a protective film 12 is formed to 
cover the upper interconnecting lines 11, and 
formation processes for an insulating interlayer, 
contact holes (via holes), and interconnecting lines 
are executed, thereby completing a buried bit line 
type flash memory. 
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As described above, in this embodiment, the ONO 
film 6 is formed after the impurities (arsenic) in 
the bit lines 5 are activated, and nitrogen (carbon) 
having the accelerated oxidation suppressing function 
is ion-implanted. At the time of formation of the 
ONO film 6, the silicon oxide film 21 as a component 
of the ONO film 6 is formed thick only above the bit 
lines 5 by accelerated oxidation, so that sufficient 
electrical insulation is ensured between the bit 
lines 5 and the word lines 7. In this case, in 
various annealing processes (formation of the gate 
insulating film in the peripheral circuit region and 
the like) after formation of the ONO film 6, since 
the thick portions of the silicon oxide film 21 above 
the bit lines 5 are covered with the other components 
(the silicon nitride film 22 and the silicon oxide 
film 23) of the ONO film 6, in addition, due to the 
accelerated oxidation suppressing function of 
nitrogen (carbon), the thick portions of the silicon 
oxide film 21 are not greatly ac ce le r a t ingl y oxidized, 
and bird's beak formation can be suppressed to a 
negligible level. 

That is, in this embodiment, throughout the 
processe until the completion of the flash memory, 
the thickness of the ONO film 6 above the bit lines 5 
is kept within an optimum range in which sufficient 
electrical insulation is ensured between the bit 
lines 5 and the word lines 7 and no bird's beak that 
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may degrade the charge holding characteristic is 
formed. Additionally, the thickness can be 
controlled thinner by the accelerated oxidation 
suppressing function of nitrogen (carbon) . Hence, a 
very reliable flash memory with improved transistor 
characteristics can be implemented. 
(Third Embodiment) 

In this third embodiment, a so-called buried bit 
line type flash memory will be described, like the 
first embodiment, though this third embodiment 
differs from the first embodiment in the bit line 
formation process. The components of the flash 
memory according to this third embodiment 
corresponding to those in the first or second 
embodiment are denoted by the same reference numerals 
as those in the first or second embodiment. 

Figs. 12A to 12C and 13A and 13B are schematic 
sectional views illustrating manufacturing steps of 
the buried bit line type flash memory according to 
this third embodiment in order. 

To manufacture this flash memory, first, as shown 
in Fig. 12A, a p-type silicon semiconductor substrate 
1 is prepared. Field oxide films (not shown) are 
formed in the element isolation regions on the 
surface of the semiconductor substrate 1 through, 
e.g., a LOCOS process for element isolation, thereby 
defining each active region 2 within a memory cell 
region and each active region (not shown) within a 
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peripheral circuit region where a CMOS transistor and 
the like are to be formed. 

Instead of using such a LOCOS process, trenches 
(not shown) may be formed in the element isolation 
regions of the semiconductor substrate 1, and the 
trenches may be filled with an insulating material to 
define active regions. 

Annealing is then performed in an oxidative 
atmosphere at 900°C to 1,100°C to form an about 2 to 
50 nm-thick sacrificial oxide film 3 on the active 
region 2. After that, a resist is applied onto the 
sacrificial oxide film 3 and processed by 
photolithography to form a resist pattern 4 with 
band-shape portions separated at predetermined 
intervals . 

As shown in Fig. 12B, using the resist pattern 4 
as a mask, n-type impurities such as arsenic (As) are 
ion-implanted into a surface layer of the 
semiconductor substrate 1 under such conditions that 
the ions can pass through the sacrificial oxide film 
3, in this example, at an acceleration energy of 50 
keV and a dose of 2 to 3 X lo'Vcm 2 . 

Subsequently, a substance having an accelerated 
oxidation suppressing function, in this example, 
nitrogen ions are ion-implanted obliquely to the 
surface of the semiconductor substrate 1 at an 
acceleration energy of 2 to 30 keV and a dose of 1 to 
5 X 10 15 /cm 2 . When x represents the distance between 
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neighboring resist pattern portions 4 (the width of 
each bit line 5), and y represents the thickness of 
the resist pattern 4, using an angle 9 that generally 
satisfies ; 

tan 6 = x/y , 

the angle 0 for implantation of nitrogen ions 
preferably falls within the range of; 
9 ' - 10° ^ © ^ 9 + 10° . 

The substance having the accelerated oxidation 
suppressing function can be one selected from 
nitrogen, carbon, and compounds containing nitrogen 
or carbon. When annealing is performed in the 
presence of these impurities, the impurities may 
concentrate in a surface layer of the semiconductor 
substrate 1 to form SiN or SiC and thereby suppress 
the diffusion of oxygen atoms into the semiconductor 
substrate 1. Hence, carbon may suitably be 
ion-implanted instead of nitrogen. In addition, the 
introducing method of such a substance is not limited 
to the ion implantation method. For example, 
annealing may be performed in an atmosphere of such a 
substance to dope the semiconductor substrate 1 with 
the substance. In this case, the substance having 
the accelerated oxidation suppressing function is 
preferably selected from N0 2 , NO, NH 3 , and C x H y (x and y 
are appropriate numbers) due to the above-described 
reason for accelerated oxidation suppression. 

After the resist pattern 4 is removed by ashing 
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or the like, annealing is performed in a nitrogen 
atmosphere (or an inert gas atmosphere) at 1,050°C for 
10 min to activate the implanted arsenic ions, 
thereby forming band-shape bit lines 5. These bit 
lines 5 serves also as the sources and drains of the 
flash memory. 

As shown in Fig. 12C, an ONO film 6 having a 
three-layer structure of silicon oxide film/silicon 
nitride film/silicon oxide film is formed on the 
semiconductor substrate 1. 

More specifically, first, a silicon oxide film 21 
having a thickness of about 7 to 8 nm is formed on 
the semiconductor substrate 1 by thermal oxidation. 
At this time, the portions of the silicon oxide film 
21 above the bit lines 5 is accelerat ingly oxidized 
through the annealing process due to the presence of 
arsenic ions in the bit lines 5, thereby increasing 
the thickness to about 30 to 50 nm. In this case, 
however, the accelerated oxidation suppressing 
function of the implanted nitrogen ions further 
suppresses the increase in thickness of the silicon 
oxide film 21 in comparison with the first embodiment 
in which no nitrogen ion implantation is performed. 

A silicon nitride film 22 having a thickness of 
about 5 nm is then formed on the silicon oxide film 
21 through a CVD process at 600°C to 800°C. A silicon 
oxide film 23 having a thickness of about 10 nm is 
then formed on the silicon nitride film 22 through a 
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CVD process. The ONO film 6 is formed thus. 

The active region 2 of the memory cell region is 
masked by a resist, and the portions of the ONO film 
6 present on the active regions of the peripheral 
circuit region are all removed using CF ( + CHF 3 /0 2 gas 
or the like. After the resist on the active region 2 
is removed, a gate insulating film (not shown) is 
formed on the active regions of the peripheral 
circuit region by thermal oxidation. At this time, 
since the bit lines 5 are covered with the ONO film 6, 
the influence of the annealing process in the 
formation of the gate insulating film is little. Any 
further accelerated oxidation of the silicon oxide 
film 21 at the portions above the bit lines 5 is 
suppressed, and an increase in thickness is hardly 
observed . 

An amorphous silicon (DASi) film (not shown) 
doped with n-type impurities, in this example, 
phosphorus (P), at a concentration of 0.2 to 3 X 
10 H /cm 3 and having a thickness of about 100 to 150 nm 
is formed in each active region of the memory cell 
region and the peripheral circuit region by CVD. 

As shown in Fig. 13A, the DASi film is then 
annealed to form a polysilicon film, and the 
polysilicon film and the ONO film 6 are patterned by 
photolithography and subsequent dry etching, thereby 
forming band-shape word lines 7 that perpendicularly 
cross the bit lines 5 with the ONO film 6 being 
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interposed between them and serve also as gate 
electrodes. At this time, a tungsten silicide (WSi) 
film may be formed on the polysilicon film to form 
word lines having a polycide structure and thereby 
decrease the resistance of electrical 
interconnect ions . 

As shown in Fig. 13B, a high- temper at ure CVD 
oxide film (HTO film) 8 and a BPSG film 9 are 
sequentially formed in this order to cover the word 
lines 7. After contact holes (not shown) reaching 
the word lines 7 and the like are formed, an aluminum 
alloy film is formed by sputtering on the BPSG film 9 
which has been planarized by a reflow process, so as 
to fill the contact holes. The aluminum alloy film 
is patterned by photolithography and subsequent dry 
etching to form upper interconnecting lines 11. 

After that, a protective film 12 is formed to 
cover the upper interconnecting lines 11, and 
formation processes for an insulating interlayer, 
contact holes (via holes), and interconnecting lines 
are executed, thereby completing a buried bit line 
type flash memory. 

As described above, in this embodiment, the ONO 
film 6 is formed after the impurities (arsenic) in 
the bit lines 5 are activated, and nitrogen (carbon) 
having the accelerated oxidation suppressing function 
is ion-implanted. At the time of formation of the 
ONO film 6, the silicon oxide film 21 as a component 
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of the 0N0 film 6 is formed thick only above the bit 
lines 5 by accelerated oxidation, so that sufficient 
electrical insulation is ensured between the bit 
lines 5 and the word lines 7. In this case, in 
various annealing processes (formation of the gate 
insulating film in the peripheral circuit region and 
the like) after formation of the 0N0 film 6, since 
the thick portions of the silicon oxide film 21 above 
the bit lines 5 are covered with the other components 
(the silicon nitride film 22 and the silicon oxide 
film 23) of the 0N0 film 6, in addition, due to the 
accelerated oxidation suppressing function of 
nitrogen (carbon), the thick portions of the silicon 
oxide film 21 are not greatly accelerat ingly oxidized, 
and bird's beak formation can be suppressed to a 
negligible level. 

Additionally, in this embodiment, since nitrogen 
(carbon) is ion-implanted obliquely to the surface of 
the semiconductor substrate 1, nitrogen (carbon) can 
be introduced also into the end portions between the 
source and drain (channel) of the semiconductor 
substrate 1. Hence, nitrogen can be more deeply 
introduced into the channel ends, and thereby 
formation of bird's beaks is suppressed. At the time 
of nitrogen ion implantation, since the resist 
pattern' 4 above the bit lines 5 serves as a mask, it 
prevents nitrogen ion implantation. At these 
portions, therefore, accelerated oxidation is not 
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suppressed, and the silicon oxide film 21 becomes 
thick and may contribute to ensure a sufficient 
breakdown voltage. Hence, the interface level in the 
region where electrons are injected upon a data write 
operation is terminated, and the charge holding 
characteristic is improved. 

That is, in this embodiment, throughout the 
process until the completion of the flash memory, the 
thickness of the ONO film 6 above the bit lines 5 is 
kept within the optimum range in which sufficient 
electrical insulation is ensured between the bit 
lines 5 and the word lines 7 and no bird's beak that 
may degrade the charge holding characteristic is 
formed. Additionally, the thickness can be 
controlled thinner by the accelerated oxidation 
suppressing function of nitrogen (carbon). 
Furthermore, since nitrogen (carbon) is obliquely 
ion-implanted, the charge holding characteristic can 
be further improved. Hence, a very reliable flash 
memory with improved transistor characteristics can 
be implemented. 

The present invention is not limited to the 
above-described first to third embodiments. The 
present invention can be applied not only to 
single-level type memories that use data of "0" and 
"1", but also to binary memories that use data of 
"00", "01", "10", and "11", or to further multi-level 
type memories. 
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The present invention makes it possible to 
provide a semiconductor device, in particular, a 
semiconductor memory having a buried bit line 
structure, and a manufacturing method of the same, 
wherein electrical insulation between bit and word 
lines is sufficiently ensured and an excellent charge 
holding characteristic is realized by suppressing 
undesirable bird's beak formation. 
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